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H«D«fc3*aaRS t7^i^ £#&-r SfiSt^Cti t> 

^te,^7^f©W^t^"^^o 0O£fck aaRS©-ot^Ty 
rRS (WT^ TyrRSi:^?) BU fn^tRNA (WTs t RNA Tyr 

[3*5= (Koide) 6s 7d^>^ -^-1f '^atiW7* 
— . . -y-xf ac>^ (Proceedings of the National Academy of Science 
s) N USA, ms 5#x 1 9 8 8^. p. 6 2 3 7-4 1 CfciKl) ] x XV 
«!«M»tR*T!^Sr*5EfiS C^-V> (Noren) 6, iM^* (Science) , 
f 2 4 4«x 1 9 8 9 3k p. 18 2-8 Cfctt2) ] <J«»6ixT^fc. 

iStSfefefclis ^i!7^i^tl.tRNA^ WlRJ&Sfx&S 
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(1) aaRSti, If®2 Oai07^i©^WCi±&<s BrS©#* 
^ir^tiltiKltSStS a aR S»tfeSi i: ; 

(2) tRNAlis a»©2 0Wi©T^>'»fc«Da , t&ixfc3l«>-CH:*V^ 

1jr©aaRSfcttBIH&*ifcV» (orthogonal tRNA) ^©tfe^iho 

C©*$fc*fr**fc1\ AX^Bf^mtb-Cs 
T ^ y -fe > 5> * -BN A± © 2- > -fe > X ' ^ K > * T?M 1" S ( V ? ^ * V " * 
RNA^f) ^7l/f^rtRNA^?fc*^«a!7^i*^t*ai 
* (aaRS) tffl^^^t^o i©^*-XAt^tit (W 
ang) 5.x (Science) N *2 9 2#x 2 0 0 1^ p. 4 9 8-5 0 

0 »t3) ] M [5?t-t;V • 7^ >J*> - " Vtxr-f (J 

ournal of American Chemical Society) , fg 1 2 4^s 2 0 0 2^ p. 183 

6- 1 8 3 7 C$Cf§K4) ] fcfBtt&*iTl>*o 

yr^Mb-TS J;-5^^b^^^y =3^^^^^^" x >^ (Methanococcus jaw 
aschii) ft*OTyrHS«l#^ H4»4*Of o^>tRNAtij*Uft 
7>;l-t7V^t-tRNASI6i^t, 0-^^nJ/>#7W^3 h* 

+T^r*fcfc©aaRS#SI$83;h/T:v»S (Kiga) 7Pi/-r^ 

>^ • ^-^-if • ^-i/3^-;v • Tft^S.- • ^ • t'fi^ (Proceedings 
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of the National Academy of Sciences) N USA, ^994 2002^7^ 
23 Bs P. 9715-9723 ($M5) ] o . 

M^teV-yUyy— t RNA^ i©^7l/yt-tRNA^?i:^^7^ 
Ztc, ±f3'J^K^»m^4'^©M&* W^^j&ff^^ aaRS 

(1) (A) ^il^OTy rRSO^tfeo^ ^n^»tMt§^ 
Uttfc Jt^T^^^©^- P > >SI##:^-r 3^Hfera#> 5) tifc^S T y r 
RS (feTFs ^TyrRS^?) h> 

( B ) ±fB£S T y r R S CD#ffiTT*±I3^ P >i§3Wfc qlffe&N / Wl, 
-tRNAt 
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(i) miztvmomm-x&o 

(3) (B) WyiJ-tRNA^M •7r7Df- : E7^77 (flsci 
i/us stearothermophilus) ^(D^r\y — t RNA Tyr T*fe§( 1 2 ) 

(4) (A) liTyrRS^ T y r R Scd 3 7{4^P ->>W 1 9 5^;i/ 
*^>fc*§^TSteSfc&^£^tt&^MTy rRSTr&a (1) ~ (3) <Z^ 

(5) (A) ^ITyrRS^ T y r R S© 3 7ffi^n$/> (Y) fc^tS 
ffi^s /*U> (V), D>fi/> (LK ^VO^> (I) ZtcltT^-y (A) 
££DSm£*u i?oTyrRS©19 5|4m^> (Q) £*B^T3&it# 
77^> (A) s S^tM" > (C) x -feU> (S) N $fel±7^^7^> (N) 
•et^tife^ITyrRStfel. (4) J^fcfSfi©l§3l7m> 

(6) &w^Pi?LmaflST-$>§ (i) ~ (5) m^m^—^tmcom 

( 7 ) ( i ) ~ ( 6 ) <D^?tifr-mfc.mm<Dj5$kte ife^ot^tfe^ > 

(8) (A) ^ifi^OTyrRSO^IftTfeo^ ^n5y >£*hrs$#li 

tt£ jt^t ittmmom *s >mmfokiMT%%fm&ftMit) nt^m t y r r 

( B ) ±13^11 TyrRS 6D#&TT-±IB^ o h^Htfe^ > 
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(8) mfc.tm,<om ! yoMMo 

(10) (B) Ij-ri/^^-tRNAtfW^ •7r7nf- : E7'f7^ (Ba 
cillus stearothermophilus) a*«D"*ri/ ytf- 1 RNA Tyr T*&£ (8) Xtt 

(9) Jit:fam©ib^)«6 

(11) (A)tlTyrRS^ TyrRS037tf n>»Ml 9 

;^ ^ >t|git«t:Kf S§(^iT y r R StfeS (8) - (10) 

(12) (A) ISTyrRS^ TyrRS03 7<4fP5/V (Y) tfflit 
*tt»E* >*y> (V) s P>T^> (L) s -fVD^» (I) *fctt:P9 = > 

(A) CctDmrn^tis froTyrRSOl9 5ttW^> (Q) 

(A) . S/^-f > (C) s -feU> (S) s *fcttTX"?=¥ 
> (N) fll^tifc^TyrRSffeS (1 1) ^^IB«R©i&^^o 

(13) qNURMKTCfcS (8)~(12) a©v^ft*-*fc««©tt*«U»o 

(14) BESWfls 0, @B9!j#-^3 Is &tfSB*J#-f 3 2fr?>&& 

^iii^a-is— cDia^j^wra d n Ao 
(is) wmmte*wmisMmMaM*b9m*5to^ issw^is w&m 

^3 0. W&m^3 lv »UTOU«3 2frfe**»*»&»«nS-©S5!I*^ 

(1 6) iBW»^l©^ft#raDNA^H*iat:9«ii»y*n'r^o->fls 
£ftfcs (15) KttCDlB^^^-o 

*yy (IY) «u ig±fe4>^ L-^ni/> (Y) 
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Z%titz&, ^^I^TyrRSti^ B. s. t RN A Tyr (Bacill 
us stearothermophilusfD tRNA Tyr ) fc^g-a T £ o 

EI2fcJ\ «ItRNA Tyt fi*OW«^-tRNA Tyr i:s Bacillus st 
earothermophilusfD t RNA Tyr fi*®^7l/ y tf- 1 R N A Ty r ©KBIXlfl* 

7^>X ms J t e AH:2-^^t-N 6 -^V^r^77;i/A T 
El 3 8Mfi#lfc 9 3 tf— ® Bacillus stearothermophilus^ryv y it— t RN A 

El 6 A^ El 6 Bs RUm 6 C&s ras&t>*ras(Am)jg^<D L C-MS»^I 

g|8fck ^IIOTyrRS (»£SD (DTZSWSBm (l^&IB) **VT 
E|-£&&o 

EI9i±s TetBstO, TetBstl. ^tPTetBst2©*ltB&iaT'feSo 

Ell OAfcHl 0Bt± N #^©ll»JC:fcV^ -9-7*1/ y->a>»«ittt 

(A) ]S«^ai3f5©TyrRS©*Sfrt?feo-Cx fn'»t»t%«fSttt 
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— t RN Ails 
(1) tITyrRS 

^a©ffl***jfc* * * *«rr s - i: % -c s * o 

Aft HE* U ^otRNAhbt. #«t**ru»*-tENA*«»ttt 

*iiS*OTypES (*£S) tts X^tl©tRNA Tyr J:^^ 
*B§®li!*© t RNA Tyr »K^^IOT yrRS fcfijfrbfcV^ 
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-f*^*by- (Biochemistry) N 4 2^. 67 3 5-6 7 4 6^ 2003 

0 _^^;v_ L _^D^>i:4-3-K-L-7 3 i-;i/T7->l*Sigmatt (* 
S) <fct>ll5l££;riW&fc©£^££^# s T-#3o 

*B§S© T y r R S (»£S) ©T ^ (@B9!j#^ 29) ^1 ifc^fB 

^B^ldfflVN^tiS^MTy rRSfe 0*3. «s n-C^^nt^WTy 
rRSJ:fo^VAMP0^ftii03-Diif-^ (00*. «n Bricks J.M 
ol.Bio.s i2 0 8f (1 9 8 8) p. 8 3 fciaHSiW* 3 -DflBBT*-*) 

^UTs #&b<l& *ftl«CfflV^ 6ii4*ftT y r R S i: bt ttx £©IB?U 
©*"Cs il>fc<k*s 3 7(ft©^n3/> (Y) fclQBtt©^*** (Q) £ 

*6fc»*U<tts 37t^n^> (Y) CffiltSW (V) s 

D^>> (L) . -fVP^>> (I) (A) fc«fct>WJUF*U 

ol 9 5{&?>*$> (Q) CffiitS&f^T^^V (A)s >>*tM>(C)> 
•feU> (S) s (N) T?«ft$ftfc*©ftffl^4^2:tf-C* 
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T^n-f h* (Lloyd£>. Nucleic Acids Research vol23(1995) pp2886-2 

892) £fSB&ftiU |R$&U >£Biomol green (y±^i/) bTt&tB1~& ^ ^ 
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#T?fc> SUGDfcSJUfr^ 3 7tiLW) >X 1 9 5&#>>*tM> (V3 7 C 
19 5£$rr3) ©^^s 3 7WJ>T-19 5|4^7^7^> (V3 7 
N 1 9 5 £*T£) ©^Jltes 3 7&#w; 1 9 5{£#T^> (V 3 7 A 
19 5^1-3) CD^^s 3 7&#T^->-£* 1 9 5HL^>^^> (A 3 7 
C 1 9 5 tffi-TZ) ©^te^^t b^<> 

/<t7Uit3- K-rs^SlH^J^S^bfcDNA^tiili^^Ts ifilS^fc 

i$x-%z>o ^.(D^m^^xmm-r^y^^ -?-h\^xi*2 o~7 

b<&20~50 ISStt* & & o dcD^^-r ^-{±^1u ©TcOmSlB^J 

na^m^u ^or^^fT- (i) s (2) zm^tzP cRiz&^xmmi; 

tzmft*. MelRmindlUXWmVtc&lCs p E T 2 6 b©NdeI-HindIIIgM££ 
m.fr&tsZtX. TyrRS(DM^^-pRT-YRS§W5, *B§M 
ff J &DNA%mmiz?Z£l£^ 0. lmL@Jg©*Ji§ffl^a»£II]&bfc>*; 
JM&9 5°CT"1 OfrmM^fc&cD*? CRfrfoWiKl1)\iZ-2>Z-£X&2> 0 

v _ ( ! ) : GGAATTCCATATGGCAAGCAGTAACTTGATTAAACAATTGCAAG 
(1H^J#^2) 

v _ ( 2 ) : GCCGAAGCTTGTCGACTTTCCAGCAAATCAGACAGTAATTCTTTTTACCG 
(I55«-^3) 

^3 7{4M1 9 5&©T^ym^i4^^^^1"?)^?*©-^J^^ 
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12 



fwrsfcfcfcttfl-ra^-rv- O) (8) ttwToiet**. 

(3) : AGGATCGMGCCGCAA6CGAGCGCGATCGGGCCTTGCGCC 
(B8I#94) 

r ^ ^ ^_ ( 4 ) : AGGATCGAAGCCGCAMNNGAGCGCGATCGGGCCTTGCGCG 

MttC*fcttAfcS*U NttA*fcttC*fcttG*fcttT*»-r. 
(5) : ACGGTGTGGTGCTGTCTATTGGTGGTTCTGACC 

(ia^i#-^6) 

-7^ ^ ^_ ( 6 ) : ACGGTGTGGTGCTGGCAATTGGTGGTTCTGACC 
(E8I#57) 

^ ^_ ( 7 ) . ACGGTGTGGTGCTGAACATTGGTGGTTCTGACC 
r ^ j ( 8 ) : ACGGTGTGGTGCTGTGCATTGGTGGTTCTGACC 

(iaai« 9 ) 
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13 

>^f-T J 3-Ft«DN AI19!l*tiMft U p E T - Y R S <DNd 

h (io) cd^s r^^- (9) k (ii) ©&&^ft^nfflvvtii*sbfc2 
ooiwwu dti^h^^-v- (DM9) *ffiiMfcPCR-e«Mfrr 

£ d t £ & o Tfr& a H ^ S 3 o 

: GGAATTCCATATGGCAAGCAGTAACTTGATTAAACAATT6CAAG 

(iB?!J3i-^2) 

77^y-(10) : GATCATCTGGTTAACGGAGAAGTGTTTGCC 

(@a^j#-^ 1 1 ) 

T^-^- (9) : TTCTTCGGATCCAACCAGACTGCGCCGCCTTC 
(IB9UW10) 

^^Y- (ii) : GACCTTCCTGTGCGATATTGGCAAAC 
(IS?!I#^ 1 2 ) 

J:IBli-C»6nfc^iEiDNA77^>h©^^ T^XS. KpE 
T-YRSfi©r>/V-b77^>b©*i:©W#AU tITyrR 
SAfe^^tf^*- K*Cn ;n^n>©*S (Hanahan, D (J. Mio. Bio., 16 
6, 557-580)) fc*fc^lt«MSfcJ:tK #^r*»«BLR (DE3) t^XT 



(2) t7l/yif-tRNA 
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DMST&tU fro, ±|3#^MT^^^^^TyrRS^#lc©^a 
1t^©aim©aaRSt:H:fBai$n6:^ (orthogonal tRNA) fcl^SM 1 * 

Crts ^->"fe>^n r/tltlis U AG (TW^-)s UAA (*—*—) n 

uga (avt-;i>) wtf&n«*«N uag (rwt-) =n*>&fflv^;ii:# 

«n £1% ±iaW»Wft*©*JITyrRSi:«*'&t>**^^ 

*B§® t R N A Ty r 6*0^7-1/ v it- 1 R N A T y *©BOT StMfSi&s "TC fc» 
£frtTV>£ (M.Sprinzl^ Nucleic Acids Research 17, 1-172(1989)) o 
m 2 IZtfTo 

*BfcbT»&*i"C^*. #y^^A03>t>WISW (TRGCNNAGYNGG ; ffiftl 
f§13)|±, 8 &~ 1 6 &©TRGCNNAGYi: 18&-19 tt©GGTffc t> x * * 
B©n>-fe>^lH^J{i5 2&~6 2&©GGTTCGANTCC (lESWf 1 4) T'&tK 
EI2^*5VNTOT*H^@B^JT-feao SftJl?yi'7B©3>t>^ffiWliN AG 
TTCGANTCT (1H^J#^2 0) T!fcJ;V%o 
HB2K:ii*T.fcSfc. ^iltri/^- tRNA Tyr fcfc, EWftt*»^B 

oTs ^©^a^^l/yit-t RNA Tyr ^MflSl^^^^^^^^^ 
2). G10-G25l^ G2 5Cgmt- 

£ ti£*|- U Bacillus stearothemophilusfD^yu y V— t R N A T y r_ e lis 
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y ^A^gBMbTV^ (M. Sprinzl^s Nucleic Acids Research 17, 1-1 
72(1989)) (@2#fl3) IhtiiU fe/^&££iD*fc<T%«8£W3-C 

^ttii^ Bacillus stearotherinophilus$}%:<DV7'l'yV—fRNA' ryic 

±B^»a© T y r R S tmfo&t>#X. v * a S/tBttfc^T £ fc&S6K 

bfc (^©HJI6^J#M) o 

m&&M<Dy 7 U y -9— t R N A ti\ ±tttMm OTyr 

r s atta-ftrtwrv v -y— «tt*#-r * c « - 

gTy rRSCD#4TT^D^>m^i:^™^ T^n^^ 
X^rJS. 03«y AXlSMIfi^tT'V y tf- 1 R N A*C* S . 

-ti^Ct RNACDSB£!]fc'^>V > >T «n http://medlib.med.utah.edu/RNAmods/trn 
abase/ £ fc fcfchttp : //www. staff . uni-bayreuth. de/~btc914/search/(3f3*B£ ft 

bs ±MSXm T y r R S (WHETtf* n * >W#f*fcl»*rf&fctf:7 , l' * * 
RNAffe^o rjB»^tf4»TJ«lttt-«*rVy*-tRNA©BW* 
-rftfctts JRtt^1llft*©*ri/y*-tRNAt!*oTs tfri/**- 1 
RNAtbt*lttt*ft»Oxt>t^3 HXUAG)) 
fc*>lttJaiT>^3l«>*VStiW(ia (LSMfttt*) ««#bW*Hfcfc* 

±B*y^^A©3>-fe>^iB«I (i&Wfl 3) £tfy 
pXBOrt^yKlsVXMM (IB^J#^1 4£fc&IB^J#- 5 §2 0) fcrt«Pfc£ftf£ 
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ZLt&'ZgZ'&T'UyV— tRNAffe^ allien $/>fc*t^f£ t RNA Ty 

Tyr fi^01t7 B l/\ytf-— t RNACD^Jilbtiis Bacillus stearothermophilus<D 
t RNA Tyr fi^©f'7'l/ yU"— t RN A N Bacillus subtil isCO tRNA Tyr fi 
^CDit7°U yU"— t RNA (http://medlib.med.utah.edu/RNAmods/trnabaseA 
g»#-5DY1540 ; E. F. Wawousekk, (1984)J. Biol. Chem. 259,3694-3702# 
fig) s Mycoplasma capricolumCDt RNA Tyr d33fc<£>^ri/ y it- 1 RN A (http: 
//medl ib.med.utah.edu/RNAmods/trnabaseA g^#-^DY1140 ; Y. Andachi£>s (1 
987) Proc. Natl. Acd. Sci. USA 84, 7398-7402#$O , Stapbylococus aureus 
CDtRNA Tyr feMW y° Uvt-tRNA (http : //medl ib.med. Utah. edu/RNAm 
ods/trnabaseA ^S"^DY1480 ; C. Green s (1993)J. Bacterid. 175, 5091-5 
096#J1) &m? £>*U tfrt. b < ^Bacillus stearothermophilusOD t RNA Tyr 

m&wy^vv-— t RNA&m^bti&o 

(3) iiTyrRS^ if/1/ yit— t RN AcDfMMBUIS+'CCDlBR 

fcffl^3££#T'£s ^J^.rai£(DpCDNA3. 1 (Invitrogen^tM) s pA 
GE 10 7 (Cytotechnology, 33, (1990)) ^ pAGE 1 0 3 [J. Biochem. 101, 
1307(1987)]&££^6dfc#-e£3o ££x ^ru^lJ-tENAtt^ 

#-£#3o ^Jx.(^ pBR3 2 2 (Sutcliffe, J. G., Proc. Natl. Acad. Sci. 
U.S.A. 75 , 3737-3741(1978)) £ £#T-££o 

fci:^.Ks Clontech*± N Invitrogen*±&£frkTt5gg£ftW&> 
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mm^cD^?*— (nmxisVkhvx&s m?ti£s m%mi& (cnu, Nuci. Aci 

ds Res. 15,1311-1326(1987)) . U >^^i")AS (Chen, Mol. Cell Biol. 
7,2745-2752(1987)) „ U #y*t7*,3 (Deri jard, Cell 7,1025-1037(1994); 
Lamb, Nature Genetics 5,22-30(1993)) &£#3Mf fcftSo 

(4) ^il7^^IMtt^fe«)©^>/^I 

Zh&T'g, fttzmfcZtlfc^tfi^ Hashimoto-Gotoh, Gene 152,271-275(1995). 
Zoller, Methods Enzymol. 100, 468-500(1983 K Kramer, Nucleic Acids Res. 12, 
9441-9456(1984), Kunkel, Proc. Natl. Acad. Sci. USA 82, 488-492 ( 1985 K 

r«x#;gij# rmmm^mmyn h s &m&. 2 4 1 - 2 4 8 n ( 1 

9 9 3) j tIB«©^^N TQuickChange Site-Directed Mutagenesis Ki 

tj (StratagenettSO fcfufflf-a^fc^fc^fc"^ m&nn? %> Z h&T: % % „ 

(H.Ogiso^. Cell, 110, 775-787(2002)) . t h Groucho/TLEl ^ ft (L. 
Pickelese>s Structure 10, 751-761(2002)) s 7yh»W**fi*t-B (J. 
Till£>. Structure 10, 1187-1196(2002)) ft££OWts *^l7^>'t4H 
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E®<D (##©) ^^~->©^» s f«^tlfeTP^W^H^WSfe«)©^ 
(5) 

AST- fe o ±13 a a R S s v -9— t R N AM^^S^ 3. ^ <3 

XmA**-** (CHO) £COS»Bft£«r. iDWftlitts SV40C 
ctoT^Htembfe1^;VWfliCVim(COS-7, ATCC CRL 1651) ; t bffEWJ» 
m( 2 9 3X»«»#*^©£«Mfc^* n->bfc 2 9 3mm. Graham^ J. 
Gen Virol., 36:59(1977)) ; ^^f--XAAX^-IPM/-DHFR(CH 
Os UrlaubfcChasin, Proc. Natl. Acad. Sci. USA, 77:4216(1980)) ; 
;H-Uilia(TM 4, Mather, Biol. Reprod., 23:243-251(1980)) ; t YBMm 
(Wl 3 8, ATCC CCL 75) ; t rJ§fl»(Hep G2, HB 8065) ^AirrtrXMKM 
MT 060562, ATCC CCL51)£^*fo in&Cim #*l^*iflli:fc£ivC* t) > 
M^&^iW©^^ ^^©^fSHP^t-fe^o 

itif>tts 0«*.fciU Molecular Cloning ^2)Ss Cold Spring Harbor Labora 
tory Press( 1989 ) h*£fBI$£ btfrfc "5 d #T # £ „ 

hinese hamster ovary« (JUTs CHO») ) ©«g£i£bTV^o fflia 
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1*3 (#©rtflO) T&s -y-rwyit— t RNA Tyr ( "B. s. t RN A Tyr " 
JiaaRS ( "E. coli &mfc TyrRS" #^H^*L©#g^fr£#gg|L 
T^&o ^^M7^^&£3-3-K-L^P^>ttig*fe (#©*Mi) tftflQ 

TyrRSOitCtot^. s.tRNA Tirr t^o ^©^ 3-3 
— F-L-^n^y&x 5. s. t RN A Tyr t,k^t 'J ^v-A±tllitits ±> 

UAGn K>) ©MtRfcffi^£>fri3o M#-©fe^©fite 
£3-3 - Y P ^> > t^^W^ H & fz &b £ * W1 * K© 

^) o 

n ^> * titz i l&© * W 1* K £ ^ & £ £ § S « 

•T^t>^ (A) «fi*©TyrRS0^1#:T*feot, ^-P^>t:^-r 
S^Sttfclt^T^^©^D^>S^fc»t-*^llf4^«>&*bfcasJIT 
y r R S ^itltt^fM^ »^ ^-h, 

( B ) ±tmm T y r R S ©^STT-±fB^ P > >mmi^h^^m^ K+ft 

-tRNA^s ±tmmmmft-t:mm$&%mi'<? 

i:**-rs»tuwuia*x *(DMVQMM(DMmizmv?tmi& cho« 

©i§£\ Opt i -MEM I (Gibco BRL*t)&£) £@ft©^P^>i§#&£«Jb;fc^ 
ifeT% jiM$&0^T"f >=^a^- h-TSo fll;tfc*N CHOiM^ 37°C 

0. l-3mMm $?*b<{±0. 3mMiti:t5o 

IRU HlKf^ #^M^^y^m^^>/^S©M^^T-^>^o 
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ACCGCTCCGGTTTTT^T^T^T^^PPTPAaRRRAnRnnflAnAnAnfiTACACGTCGGAGGGGTAGCGAAGTG 
GCTAAACGCGGCGGACTCTAAATCCGCTCCCTTTGGGTTGGGCGGTTCGAATCCGTCCCCCTCCA GACAAGT 

GCGGTTTTTTTCTCCAGCTCCCG 
(ffiBIW 1 ) 

- (DM&M^ 1 ©IB?!lfc^ b h © t R N AJl^f © U — ^ — 13^U (BffiW#^ 1 
0j|gl~5 5) fc N Bacillus stearothermophi lus(D tRN A Tyr ?t^©T> 
^nF>BB#£CTA£S&bfc±T% ^CDCCAiB^JS§JofemSBB^J (TOT; 
IE3Wfl©i«5 6-1 3 7) , :fe.fclflE3?*-^*-*- (IBSWf 1 ©*£ 

Ba5«S^l©iB5iJ*^-rSDNAt±. ?T3-->y<Dtzti>( : Z<DT>NA(DMm 

xizmm,® tz to ^m.m^m-< a bit a „ #n©^* * jb 
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FR^fflV^tiSW^-ftiaSJ&lS^iatts Urlaub?>s Proc. Natl. Acad. Sci. 
USA, 77:4216(1980)lzJ:oTfBfg^ti5ck-5^M^^njLOJi5t$tlfcsDHF 

^?t^«(is Gething^s Nature, 293:620-625(1981); Mantei^s 
Nature, 281 :40-46(1979)& if tfB*$ tlT ^ 3 «. 



WO 2004/039989 



22 



'CT/JP2003/014028 



if VT'py b ^[Thomas, Proc. Natl. Acad. Sci. USA, 77: 
5201-5205(1980)]. h^ov^-f >^ (DNA^/f) s Xfcfcin siWW^U 
^-tf_-> 3 b#&o &£V»fck tnrffc&s DNA^m RNA-#ilk 

mfezftzbve&te^o ^wmmizjo^Xs sifflbfe^m^ tog-fa 
mmmi : 3-3— vt-zh/ 

*mMm-&±. 32#gCD=r HV^UAG^gmbfeRas^y/'^MTl^^CHO 

life. 

^ 1 5^1 T y r R S fco^t «i> ^ 

(1) ^l/»f-tRNA 

t/l/^-tRNAilUTffl^cif. s.tRNA Tirr ©«fi? (1672UE) © 
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AGCGCTCCGGTTTTTCTGTGCTGMCCTCAGGGGACGCCGACA^ 

GCTAAACGGGGCGGAnTCTAAATCCGCTCCCTTTGGGTTCGGC GGTTCGAATCCGTCCCCCTCCAGACAAGT 
GCGGTTTTTTTCTCCAGCTCCCG 
(IE^j#^ 1 ) 

dCDBB^J&x thOtRNA^^CDU-y-iB^J (H.van Tol£>s EMBO J.6, 
35-31(1987)) Bacillus stearothermophilusCD tRNA Tyr Ate^<D7>3- 
a F>gfl#£CUAfc@mbfc±T% ^CDCCAiB^J^&Jofc^aiH^J (TMO . 
£<fctJM£^-^*-*- (H.van Tol£> N EMBO J.6,35-31(1987)) ££©)!!#£ 

£ ©IB?U#^ 1 ©IB?!i£*i T a-#tlD NAfc P CR7*7^ £©-* 

bTs &© (1) (2) ©2o©r^>f^— £^fcPCRfc«fcoTilMHbfcD 
NAirM-^ EcoRIWHindlllT^OiTbfe^l^ p B R 3 2 2 ©EcoRI —Hindi 1 1 

r9>f ( i ) . CACAGAATTCTCGGGAGCTGGAGAAAAAAAC (BB51I#^ 2 1 ) 
•7=,^ ( 2 ) : CACAAAGCTTAGCGCTCCGGTTTTTCTGTG (IS3«-*f 2 2 ) 

5. stearotiiewWius©1fri/^^--tRNA Tyr a{E^l^b^IqI 

3) o 

|f N 3ocD^S^-f fey M~3©:7°^^- (1) (2)***i 
?nm^T, feJTF©M DOPCR^ GeneAmp PCR system 9700(Applied Biosys 
terns) £ffl^TfT&ofco 

Jg 1 ©RJ&fck 
SI -fey b®77>fx'- ( 1) : 

AGCGAGTGTTAACCCTGCCTAGCGCTCCGGTTTTTCTGTG (iB^J#^2 3) 
SI -fey b©7"5^T— (2) : 
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ACACACCCAGCAGACTGGCGGGAGCTGGAGAAAAAAAC (@2?!J#^ 2 4 ) 

mftCDfrJfogk&lZX P C R £f?&l\ SB^J#-^l©lB^J*^-rSDN 
A©±». ^7^-^Mrpbs 1 (1B5«-^15) £s £©DNA©T 
BstXI-lSMfc (CCAGCAGACTGG : lESW^ 1 7 ) £ *f f £ WrttfcflOtt 

bfco 

i2^y bOT'^'fT- (1) : 

ACACACCCAGCAGACTGGAGCGCTCCGGTTTTTCTGTG (IB#J#-Sf 2 5 ) 

bCD7"^-r^— (2) : 
ACACACCCAGCTTCCTGGGGGGAGGTGGAGAAAAAAAC (M&m^ 2 6 ) 

iB9!IS^-rSDNA©±«Et:x BstXI-lSWfc Wt^l7) £©D 
N A©T«Efcx ffe©B s t X I SPtes CCAGCTTCCTGG (B s t X I - 2 ; M^m^r 
18) *#t*»H-*fmbfc. 

M 3 ©fiJfcBu 
#3 fey hC^^fY- ( 1) : 

ACACACCCAGCTTCCTGGAGCGCTCCGGTTTTTCTGTG (MSM&Sr 2 7 ) 
i3t^h©77^v- (2) : 

CTGCGCGAATATCGTAGTCGCGGGAGCTGGAGAAAAAAAC (ffiai#^2 8) 

%fflv^Talm©pcR^'fflv^e,n^ 1 K^^ ^ ^^"CPCR§^T^^^ kei«i© 

iB5iJ*WrSDNA©±m^ BstXI-29tt (iB^I#^ 18), TflECffe 

3gbT, tRNAl^®3o©nli-ipf)^§it^77^-SffMUfco 
:®t^7^^-t> pbs 1 (iftWf 1 5) ©ia^IfcEcoRIftHSfBtt*^ 

«-r«fc«>©rai* s M-Jin*^fc^^^--^N pbs 2 (Bsaiwi 6) ©ib^u 

BPfc, EcoRI^HindIim^MJn^nfc-t?-^7X^--©»fM-i:bTs *1 
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££>£s H^fcU^ 1S5S8 fc«-^HindI 1 1 EcoRIfiPift* s f*An ^ tbfc PUS 

JSI6 U * 6 tpBR322(M»»a;^?tt)©Ec6RI tBanfllfiPffi©* * D-Xb b 
t s 93 K—<DBacillus stearothermophilus^yu y It— t R N A T y 'Stfe^* 

EI3t:33VV£x pbsl^ pbs2. BstX-ls *J;tWstX-2©JfiSiB^JH:*©fflt)-e 

o 

pbsl : AGCGAGTGTTAACCCTGCCT (1B5!J#-^ 1 5 ) 
pbs2 : CGACTACGATATTCGCGCAG (M&WZ 1 6 ) 
BstX-1 : CCAGCAGACTGG (I2?!l#-5f 17) 
BstX-2 : CCAGCTTCCTGG (BB^I*^ 1 8 ) 

y=y x 5. KpBstRNAfck 9 n ^—(DBacillus stearothermophilus&7\s y V— 
t RNA Tyr jHS^^-r^.©-es |&^«M&rtT?©fl8cfIZiis stearothermophilus 
t RNA Tyr ?tfe : ?©f83IS£;g#>££ fc#-C*£s ltl»fit# 

(2) tiTyrRS 

*j§§® TyrRS (WTs TyrRS (V37C1 9 5) i:V^) © 

3l^©tta6BK?!IttN *K 5 fciS4B£ tit ^ 3 0 

f z — h*-r^DNAiB^J*s ±IB7°^-rT— (3) fr£> (8) 
§ffi^T#Sllfe. 7°^^- (3) W (4) B\ '3 7<ft©3C^©fc«)©%© 
-£&£o ^tc^^C^— (5) (8) fcfcl 9 5&©&^©fc#>©fc©T*fc£o 

7>5. Kfrfcx (1) h (10) ©SRs ^^fY- (9) t (11) © 
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(9) ^fflVAfcPCRT-iiilii-rs^htiioTs 2 o©@Jrtf-£^Sb;fco 

PCRtl^t^ pcDNA4/T0 (Invitrogentt)©"^^^^^ D — — > 

»tiXUT77^^ h*pEYSMl^#Mbfeo 

(3) ifLittt'07>/'5- tJ-7°U^^3> 

LipofectAMINE 2000(Gibco BRL)CD^^ot, 3 5mmrv-hifc?3s 
7°^^^ KlCOWtO. 5-2//g©DNA£fflV^T h 5 :c^> 3 >£fir&^ 

fco Opti-MEM KGibco BRL)<§^ igt&h bTfflV^co iTOfimtJ£s 1^7^7i 
^>3>CD2 4^m^MU SDS-PAGEfc&bs ia-FLAGM2$nrffc (Sig 

ma) ECL+^j^tH^^A (Amersham Pharmacia Biotech) %m^XV 
■pyyuvrJ >y*ft-&^fro /^I ? 03lft*'f^-S ? 7t7'f1f- LAS-10 
00plus(S±7 -f ;i/A)&ffi^T«iJ£bfco ras(Ai)mtlXtJfJt«©fe«>©»^r 
asgtJ (#0. 5/ig) £x trt-FLAG MtfhfoT? 4 -=r4 Vfr (Sigma) &JB^ 
Ts l^e>5©^#^^-h (lOOmmg) f^lilfeo Wd 7 ^ 
57-f-xUfH3^-Kl*» (LC-MS) fc*>7 s AK*#*r3/-*:n> 

(4) CHO-Y» 

TyrRS (V37C195) ££5£fc«*SrT 3CH0-Y»£i'J3fc#K ir r^1M * U > U 
- 7 . w ^^_^ > ;^g^^^^-r^T-REX-CH0» (Invitrogen) 75 
^^*pEYSMlth7>X7%^Mfeo 1^7>^7i^^>Mis 2 5// 
g/ml©W^> (Invitrogen) fc^frftilreatt U l/ig/ml(D#SK\ 
M^bfcttOX TyrRS (V 3 7 C 1 9 5 ) 0»»«^ CHO-YH 
B&£#fco 7n^>;^I©^©fe«)fcs CHO-Y»lis ras(Am) ££acii 
ius stearotAer/nopMii/5^7l/y^-tRNA Tyr ^fe^^tr77^^ YX*Y 
5>^7i^bbfeo h7>^7i^i/3>©2 4«^ rVrm 

(lAg/ml) i:3-3— b*-L-^D^> (0. 3mM) £Jgflj£«araU £ 
££2 4BSF^fc»ttffi^&tlMbfco 
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(5) F> 3-3— F-L-*-DS»3l?>£» 

<D&*mmvtzo mi^ mimmmte. **®7^s^ 

hJPM£»£©S£M©TyrRS&l^ft&x^!ai:bT 3-3— P-L-^-PS/ 
>*B»U^« bfc#oTs 3-3-K-L-^D>>>^ fn$/ 
>©{£S£Mo£ifc!9&^££&St££^bTi^^#s 3-3— Y-mt/y 
£g»t-#£^ll©T y rRSfc •£©•**- yty— t RNA^©f*3tfc*MR"C 

$&*fcfcs 3-3— l»-L-fn3/>4SWifl9fcBib (7^iSttft©fc«> 
©K oat /KJSfck 3. 3xl0 3 /M/s) ^ fD^»^+ISM$rii 
■TS (K oat /KJgi±s 3. 2xl0 2 /M/s) uhm^HT^Ss *fl§ 
ITyrRS (V37C195) *fflV>fco ^kfcx TyrRS (V37C19 
5) fck »£3W*fcovvt©K oa t/KJit (2. 3xl0 6 /M/s) J:i;b^ 

l-^d^>>& iooo 0{gfgi>^-e?si4<b-rSo 

EI 5 AWHM 5 B iis TW^— fr:7l/yS'3>©tfeffi©fc#>©£:*;** r >? > P 
y h©?»"CS5o E15A&S 3-3— K-L-^o^>>^#^Ts E5B&3 
-3— h*-L-^P^>#£T 1-^.T©b— >T?x ras(Am)?t^^A 

£ftfco iMO^IlTyrRS (A£B©V— >1) £fct±TyrRS (V 
37C195) (Ai:B©l/ — >2)^ Bacillus stearothermophi lusty? U «y 
t-tRNA Tyr i:i:*^ CHO»«bfeo 3-3— K-L-^-n^ 
> (IY) ©?S?S£*fctt^#Ss MlIbfeTyrRS0^^7"liwt (Ty 
rRSS4I) x mut (TyrRS (V37C 19 5)) Tit^bfco 

0 5A2W f EI5Bfc^-r«k5t:x SWTyrRStTyrRS (V37C 
19 5) fciu Bacillus stearothermophi lusty7U ylt— tRNA Tyr 

f&Kbfeo 3-3— h*-L-^-D->> (0 5 A) ©##&TTn i^©ilto 
^t7Wt- fr:7Uy$/3>#iM*£ftfc#x TyrRS (V3 7 C 1 9 5) ©r 
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£3-3-h*-L-^n->>©^#£TT-*K TyrRS (V37C195)&. 
■Cn 3-3-b*-L-fD^>^I«0. 3mMfcft3J;5£^&£ttb 

(L-^n>>>y;^ft® 2{g©^jgT^T»v^c (05 b) ) e 3-3— p- 

3-3-K-L-^n>>>©#£TT\ TyrRS (V37C195) ©i^T* 
UyS/3>Sb*H:s ©£Mi#l^£E^T£l^;i'f;T*&#£*u 3-3— K-L 
-^-n>>>^«{c:J;ti»^m?3^^tis TyrRS (V3 7C19 5) £ 

(6) Rasg^OffigfS 

3_3_K-L-^n^>mD£^&fi£sSU ^JxtfT'Wt— flm (3 2#) 
§ £ #> & £ S fc » ts Achromobacter 7° P ^ T— fe* I (Lys-C )Cctot^ 

(LC-MS) Ciotl^Ufeo 3 2ftt:mt)^*tlfcT^y^V^^D 

F^fco^TJSSftrbfc Serl7frfeLys4 2Stf©ll«CiSU 3 

-K^d^>£:^d->>£3 2<ftt:^tf2ocDBfK- I Yh YifM-^f 

3) ) o 

06 As 06B N 2*1512 6 0 lis rasSt>*ras(Am)^tI©LC-MS^©^ 

|2|6A(i N ras(Am)»fM- (ft-ba) Stfrasg^J (5^-hB) fcrowts 

0 6Biis ras(Am)0^l h a&lFb) WrasjUtl (f t-hcSlFd) 

fr£<Z\ IYBWtfcowr (^t-haMc)MYilt(^-bbMd) 
CDK*^^ h;V©«g*-e**o Y»r>mRas*W^K<ZH»l 7-4 2 (SAL 
TIQLIQNHFVDEPPTIEDSYM) S> U *) , I YfrtfiiT^© Y tfi 3 - 3- K - L 
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m^OB^BM^ VaU Asp, Glu, 3-^n^»MAsp-C$i 

ras(Am)jg^©##Tfc:fcV>-T\ I YWJU«&< WfcSft (0 6 B s ft-hA) s 
3-3— j?-L-^D^>>CD^^t)^^*^bfeo ^>fASiX^ 

fc*DC**Lfc£fcft*Bbfc (H6C) oflfc&s YKfrttWB**ir (H6B^ 
^^_j. b ) s 3-3— K-L-^D^>^s 3 2 {fire© L-?- PS' 
»«Bibft:i:S^bft. LC-MSr-^0^?.^*fl*s ffe©I»©T 

*wfEfct±N £5bT^ LC-MS»a?3»tlfco Ctl^bTs 3 
_3-l?_L-^D^>©#«TT^$nfcras(WT)m^fco^TI±xYlff>ttt 

««$tbfc h a) #s i Ymfttemmztitefr^fc me^ hc) Q 

MCtfT-fe^ofr^ CH0«#©i*!Ht£©Ty rRS&s 3-3— h'-L 
-^nS/>SMHH\ TyrRS (V 3 7 C 1 9 5 ) &f*lH44© t RNA Tyr 
&BfS&b&v^2:£^bT^£o 
06B^r«fca^3-3-h < -L-^D^>*^-r^^^K©^-^* s ^ai 
(BI6B(a)) o«s %bUAGn K>^3-3-h'-L-^-ni/>^©T^y 

>^tf^^Ki±^m^n^^ofc (si6B(b)) o mm&> uag=i^>^#© 

£©#*T*g*B:, ^m^tbfeRas^W^S©«iS100%*$ N UAGn b'VCiot 
fgj£$ tifcteg £3- 3 — p -L-^- P t/ > bt V» £ £ £ bt £ D s #38BJ3 
#8mMD©^m&#£3££#^£*ifco 

( 7 ) ^HifcT y r R S ©flNrafifeft&RC: £ t) flMWSti* 3-3- K - L-^ 

*B§@G 1 nR S iistr h * 'J >W7D^-ipf»o|?LMSbs 
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-ft 2>, TyrRS (V3 7 C 1 9 5) ife^^Jin 
CHO^V7-f> (CHO-YStt^n) ^iiJtBbfeo ras(Mmte^£B 
acillus stearothermophilus^y\y y9* — t RNA Ty r ?tfc^£o V^Tn C H 0 

- y s wm* tc— m$i u feo 

07^ Ras* >>^g©3-3— K-L-f-n^>©HD £^£-^V>Ts §§^tqj 
fl&TWS— V-yUy^al/O^^Zpyyvy h©¥RT-$»5oras(Am)at^ 
lis CHO-Y$BB§£#A£ttfco ras(Am)7tfe : ? : (is Bacillus stearothermoph 
Uusy-yuvy— t RNA Tyr £fc£ (V->l-3) CHO-Y«tiX^ 
tifeo U— t^^IM ^y>£3-3— K-L-^d^^JDs l/— >2 
ii^ h5>-iM ^ y >4«apu 3-3— h*-L-^P*>>«SJDN V->3&^h 
* y 3 -3— H-L-^P^&MbTl^V^^Ss^ft^ft^t^ 

EI7t^-r«fc^^^ TyrRS (V37C195) fck h^1M * U 
ttlC#tt?.J:^t%lbfc (07s 1/->1SIF2) *^ >f >t=.x— tf— &b 

77iF*^aifcTyrRS (V37C195) (DW<)V(D 2<gX*&-?tz 0 
3-3-h*-L-^-P^>£^h^iM^y> OM^©#STT% -9- 71/ y ^ 3 
>^3 0%T-ras(Am)mtJ^^mbfe (!✓— >1) o ras(Am)^tJ©SK»N C 
H O - YJ|ffliatt , fcl5l#tc^0^n^ras(WT)©5&SJ: 2: & £s L C -M S <fc D # 
«fU 77XU'^?>©TyrRS (V3 7C19 5) TCSSIilli-tfeSC 
^#^£*ifco 9 5%£±!II3ras(Am)jg« s s TW\*— ttfit: 3 -3— K- L - 
fP5/>*t«K 3 -3— K-L-^P^Vfcfcs ras(WT)j^WT*1MJ£;ft&fro 

3-3-K-L-fDi/>^#4TT- (W— >2). ras(Am)M3t3\ S 
fcA/iftfcffl£;h/*\ >f>fa-!J-^Ttl4 3 ) tfcffi^ft&frofco 

dtie>©^tts rh7^^<J>^ TyrRS (V37C195) mMOM 
m*lfr bTx ras(Am)j^t)l*)^© 3-3- h'-L-^P fr&fflbtZ&Nr 
-3tt&Zb*7r^tzo W\7 Ab<Ditm±. 3-3— K-L-^P>>><D# 

^T"eL-^P^>mDC^ N T^*^ ^^TyrRS (V37C195) 
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#ismbfc*§-£-£i£^Ts m\s<&^z.t*7j%-r 0 ^(D^nftoifcmte. 3hij^ 

(1) yryVvVr— t RNACD^^m^ 

li»tRNAI±s Jtfe^^^te^^P^— ^-IB^J (^y^^As B) 
£J$o|E^|*&fl:# 1 R N A3fife^± ft 3 #x £ <D h £ t R N AStte^ 1 

^ h ^ i; >^4£«JH^©^IE^J© 1 oT*fc3tet0 1 £s t RN Ait 
^©ilHufc^^T% tRNA©B^«3Ml-^bTVAfe (T. tV>#— 
T>ffex :x>^-^ — ^-;K lliv 1487-1492 Hs 19 92$;T. 

4038-4045 1 9 9 2$) 0 £CDi: %mmfflLfcmM-?Z>7 L h ^ 
ij >(D^m± 1 5~3 0//g/mL^^fe. 

& SE?!jtet0 2 V— t R N AMfe^© ittik 1 0 ^S±^ £fzl± 
2 0ma±^t««^^T-SI#^^^3M?3f^bfc (TetBstO (13^J 1 ;MM 
|§3 0)> TetBstl (IB^iJ 2 ;WM^3 1) s TetBst2 (le^U 3 ;ia^!l#-^3 
2) o 

TetBstO (SB^U 1 ; IE?lJ#-«t 3 0 ) 

TC TCCCTATCAGTGATAGAGA TC GGAGGGGTAGCGAAGTGGCTAAACGCGGCGGACTCTAAATCCGCTCCCT 
TTGGGTTCGGCGGTTCGAATCCGTCCCCCTCCA GACAAGTGCGGTTTTTTTCTCCAGCTCCCG 



TetBstl (IB^iJ 2 ; ISSW-f 3 1 ) 
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TC TCCCTATCAGTGATAGAGA TCCGTACAGGTC GGAGGGGTAGCGAAGTGGCTA AACGCGGCGGACTCTAAA 
TCCGCTCCCTTTGGGTTCGGCGGTTCGAATCCGTCCCCCTCCA GACAAGTGCGGTTTTTTTCTCGAGCTCCC 

G 

TetBst2 3 ; 1B^J#^ 3 2 ) 

TC TCCCTATCAGTGATAGAGAT CCGCCGACACACGTACACGTC GGAGGGGTAGC GAAGTGGCTAAACGCGGC 
GGACTCTAAATCCGCTCCCTTTGGGTTCGGCGGTTCGAATCCGTCCCCCTCCA GACAAGTGCGGTTTTTTTC 

TCCAGCTCCCG 

£ft£©i^Wy^3>3W£i«U TetBstO, TetBstlfco^T fciu ^ti* 
fri 3 n t!— CDiE5!I%M^fc © &#t£ bT tb$£ b feo 

±IBTetBstO, TetBstls TetBst2£, ^ti^tl^X^. KpBR322©Eco 
R I -H i ndlllgWftfc^n— .= >^bfco IH^JCD 1 , 2 ^^n^tl3ol^c 

3>m^)(D^mi±, mmmi (5) tnm^n^tio 

TetBst2fcfcsTetBstl£ t) fci^V y^>3 >^l»^fcOt'(T-^^^f)^ 
TstBstO&tHetBstlfco^Ts 3 n tr-M^c*)© ( 3 xTetBstOs 3 xTetBstl) 

^b&7>A*-W^-tRNASi? (BYR(CUA)) £9M^fc«fc^ 

01 O Atlt Ras^W^Ks HI1 OBtc&EGF^ffc (EGFR) cD^tl 
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,^g s ©£MEGFR©£m«£^bT:fctK d©ffi* 1 0 0 ilUTflb©^ 

RB#Mt£j£;L-£ivts HHEfclil 0 04jB*.«flfC*«i:*iSI*iT'*®^ " 
T-&9 xBYR(CUA) CD it 7Vr>3 s TetBstO&^Oifctfcfcfrfcttifr"*" 

5. ftC^fr&N 9xBYR(CUA)fc<fcSRas*JlflK EQFR*Rft©t^y 
S/a>»*t±x ^tl^tl2 4%s £t>*2 0%i:fc^Tl^ (tf*^ h £>s * * 
W • K • U-9—*\ 3 Om, 4 6 9 2-4 6 9 9, 2 0 0 2¥) o 

1 # g/m lOrhW^'J >©»T% ^7° 1/ v ^> a >#^z»£ft£> C 

sBstOJ; t> fcTetBst 1 <Dl5l*, 3 tTHR** 1^H3 o©##. sr 

>&HCMf&£^-ro 3xTetBstl(Z)Sb*<D*^ 9 xBYR(CUA) «k *) %#5tfcl« 

mmizv7i'yi'3>mzx/v£m%-&^(?)^ TetBstox i*m^tcm&-z 
TetBstox i%m^zzh&mmm&®®mz&m&mm~i:&2>h%z.t> 

mrni-e&s u-ri/vu— tRNA&tsmi$£^m£ 

^7f 041C^ft^«tt T y r R S 1 5 C 1 1\ «#tt^M"T 
3 £ h b & ©T* & & «> b U Bacillus stearothemophil us V^^y 
t-tRNA (Tyr) «^©TyrRSfti:0aaRS^^<iI^tl 
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mmmzftizs bv^ 
[#%0>J] 

TyrR SMBT £ 

^ITyrRS (V37C195) Mitt, r a s Jtfc^&O^J&ffcSH^ 

agmt2>zt.)z&y), flag*?* (dykddddk) &flunbfco PCRi 

m±s m%MMM-Z<Z>&M<Dt£&£.s pcDNA3.1/Zeo(+)(Invitrog 

en)£*P->fbbfco TyrRS (V37C195) £o^Ts PCRi«s 
^^-pcDNA4/T0 (Invitrogen) £^n— WbbT^ ^ h^1M ^ i; > 
^^©fctf)CD^^ 5. FpRYSM 1 ^^MbfeorasJt^cDTO^M^^ 

ffcCDl 0 6 8{ft©fn^»3 TWS-n h*>ic^libfco ^fem^6^> 

(^T^I^I) (Clontech) 1 (D^5=-^— 
AT6GGAACTAGTCCATAGTGGTGGAATTCTGCAGATATCCAGCACAGTGGC6GCCGCCGCGTG 

(T>^*-=3 h* >fc*T8§0 (IB?!l#-*f 1 9 ) 

t^ _ h ♦^tlTV^^^^^^K^cSmU^&t-FLAG^^^C^^c:{«bfeo 

£> ^ ^ * — pcDNA3 . l/Zeo( + ) £ ^ P — >it b feo 

^©IB^J^ ABI Prism 377 DNAS/— (Applied Biosystems) £ffl^T 

LipofectAMINE 2000(Gibco BRL)©^l3^oTs 3 5mm/l/-b^^# 

B§®TyrRS|ggi^*-©^t^ftfcoV>-G> 0. 5 - 2 g©DNA£fflV>T 
h^V^^ac^^aV^ff^^feoOpti-MEM KGibco BRL)£.:i&lfeh b-tfflV>fco 
*«4ffitJ£. h7>X7*?i'3><D2 4«CIiU SDS-PAGEtC#tu 
^£CD^ #L-FLAGM2Jnrffc (Sigma) ^ ECL+^fe^l^tb s >XrA (Amersham Pharmac 
ia Biotech) ^t^xX^^royr-f V^lr^fe. /n*> h*©^^ 
^-*j T j-=,j*?^ LAS-1000plus(m±7^;i/A)^MV>T^bfe (04A& 

OT4B) o 
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I2I4A{c*5V^s S£Mras«fc^ Scfc&ras (Am) MB? (W- 

>2-8) ^tL^tiFLAG^^WSQ^tiT. CH 0»*3 t#A^tLfe 
&©-e&3o bh-9-ri/yit-tRNA Tyr (l/->3) Ifeli^IITyrR 
St^mMty^^ty— t RNA Tyr ( 1/ — > 4 ) liCHOi§MIl/fco 
£ ©SlfSi (is FLAG^fcWLT^&o Bacillus stearothermophi lusty 7° U y 
ty — t RNA Tyr l£s ^IlTyrRShh^t (!✓-> 5;&t>*8 ) % f;fcfciB# 
fcfcbt? (V->7) s CHO»«U ^lITyrRSW^CH 
0«rtt-^bfe (V— >6) o Bacillus stearothermophi lusty 7 V ytf— t 
RNA Tyr fci\ lnli-oaie^Wra^^^ 1* fr£>x 

& mti * ©-&£ * ©~£ & & o 

BI4Bfc::j3Vvt\ *^FLAG^^3WrtD*nfcs 1 0 6 8ttC7Wt-3l« 
>£^t? (u— > 1 — 3) s M»4SEGFRlfe? (I/— >2) N ±&J&S 
B^g^fl; (e GFR) ate- 1 ?-* C H OIHtlAbfeo Bacillus stearotherm 
ophilustyyv yij"-tRNA Tyr *:*S§M TyrRS &BM +tf b fc 
(l/->3) o V-> 1 2 "C^IIIT y r R SOU^"Cf ofeSW^ Ffcts 
JftF L A Gtrutttafc bfcl*]Htt* S/^****^* 3o 

El 4 A ICtjVT «fc -5 fc% Bacillus stearothermophi lusty? U v ty— t R N A 
)||TyrRS0ftM^ 1 5 %©^TTas(Am)4>©T>^-^©"9-rv y 
S/3>£:fc£f£fc£Ji,fflbfc (04A, b->5) o Z<Dty7Uv$>a>&, 
C© t RN A (l/->6) Ztztmm (U->7) ©V^ftfr©##£Tr*fcijl5 
^^oL y a >©fe«)0^liiT y r R S OifiSltt^ Bacillus 

^ITyrRSCMJis *tiSi*^ CH0»©J&JBim£^l£# 
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£CD£8©»"C©x t RN A Tyr • TyrRS©^7©U-7U'^3>^ 

thWl ^_ tRN ATywi^ m%mmmrcm< (20-40%) 

\Z—<DBacillus stearothermophilusfrT'X' yV—t RN A Tyr 3tte?£^f £ 

CHO«t, *MTyrRS*fiTt#«r775 

A, l/->8) o ZOm&s t tRNA Tyr ^ES5cr^*)©T»$. 
So CCD^s Bacillus stearothermophi lus&y°U f*-tRN A Tyr ©^©fe 

5acii7us stearotberwophilusV-zri, y it- 1 R N A T y r T y r R S 

^2 0%7?-b-^Uy N >3>*^itfe (04 B) #s Aequorea victori 

^B^«llia+©^>^— ^^^^a^^^*^ HM£«KE>tRNA Tyr • T 
y r R S ^rtOlSaOiWtt 
HftJWJS-CCDtRNACDlBattx RNA3-f^ >^^Jrt© 2 ocDftg&^P 
(4?^7AhB) ^Mtn o ^@tRNA Tyr lH^Jtts 
XBb^$^fe«)s U9i:C10$AtG^Ij|U #y^XA«ft« 
bfc (02) o *©*gJ&W&ftfcS*^y*-«£*N G10-G25S, G25 
fcCfcWfcUTfKEbfc (WTx t R N A Ty r (A9G10C2 5) kV^) . 
^iitRNA Tyr ©9^ 10& 2 5&&s 3»t7C©fflS^fflCH#UT* 
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CUA7>f3h->^t^tRNA Tirr (A9G10C2 5) ©IE#l£x t 

tf-;ri, y a >£8?#rr &fc«>s c -Ha-Ras£o^T h 9 >-?r— h 

Lfcs ^rf&ras^fc^*© 3 2<4©^n5/>n F>fc&gbfc« 
»»*1ftffi"rafctf>x FLAG^r^K^^*N rasfce^ ras(WT), ?07W^- 
^#:ras(Am)cDC*^h. *J1S TyrRS©M«bfeo 

iltt^CDrasJt^^s CHO*fflBS£#AU *Jl&Oi«*N ifiFLAGJni#:£ffl 

-tRNA©^4T^ ras(WT)Afc?<9fS^#4&m£ftfc# s r 

as(Am)©^{i^m^ti^^ofe (l/->2) « Cftfck 
^^^^©^Q^bTV^^o tbW^-tRNA Tyr lis 

( V _ >3 ) -£*tfcffi£n&«fc-5£x ras(Am)*©TWS-^J|£ N 2 6 %(D®} 
t71/y^3>^CtfcoHK\ CUAT>^-=i F>£*f 3^fl§M t 
RNA Tyr (A9G10C25){±s ;«»>k©»£M©TyrRSi: ££>£ N W«r>3> 
(l^->4) o oV<>T*x 3fc*tts #y*XA (G9G10C25) £3=j£T 

RNA Tyr ^^SS^feo £<£>t RNAtWfS'aV^n 
^ofeo iO^^s ^IItri/^-tRNA Tyr ^©^^^A©4 

tRNA©^*feii7^ T^;vfl5©M*j3Ci bfefc«>"e$>a t%£S>*i 

fee 

C#Al fcfcte^* #B3I£ * * c i: Tx ***** £ ^fflfl^P^ fc* D 3^ 3; tifzimm 
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fc^bfc^W^Wfc^Ta^&^^AfcbTfc^ ^Htffl^fe^X 
IKiS7^i§^W^St:iAt§iffliii^-efe5^ 3-3- 

M R J: 3 * > ; ^ R©g?#r l-IS:^ h% £ £> ft £ o 

^fes 4-^>^/-f ;i/-L-7 rc-^T'^^^x 4-7^K-L-7i-;i/7 

^££bShV>5i£R£^bW£££#^aV£l^ (^Jx.{is J.^>£>s 4r 
A^M^A (Chem Bio Chem) 2 0 0 2^p. 1135-113 

7#{$) o bfc#oTv un?)©^l7^yi§^W^SCDRlf^O|4It 
^A-rtl{i. ^©^V/^H^ffiS^bTV^^I^CD^CDtlH^^m^W 
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Stt^ftfc^w^K©«tt*«<i««***^t6tt* s **. n©tt*kUT 
©itte^^ e» ft £ off 3 o 
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1. (A) ^lIft*©?D^t RNA^iiO^ftt'fe^tx 

( B ) ±iaSEH^ D ->;V t R N A-&$aB*©#£T-C±iB*- n 
qltfe^s /Wl/* (Bacillus) JS. ^^^Xy (Mycoplasma) Xfci*^ 
7^D3yA^ ( Staphylococus) mn&MMm&<DV7l/ y*-tENAt 

St ;£©fSffl3§ 1 Iil3«©^m^^o 

3. ±13 (B) fri/'yt-tRNA^W ■XfTn+f-^^ (5 
aeiiii/s stearothermophilus) m&<DV7l> y tf- ^o^> t RNATr&^iif^ 

4. (A) ^P^HRNAMfi^ ^p^tRNA^«BW©3 

5. (A) ^D^VtRNA^M^ fD^tRNA«i©3 

7&^d^>> (y) tffi^-r^M^ (v) s (l) x -rvn 

^f>>> (I) (A) £J;t)fim£:Hs ^fP^tRNA^ 

ii®19 5(ft*>*^> (Q) fcmMTZ&W&s 77=-> (A) n ^7,7-^ 
> (CK -feU> (S) , (N) -Cti^^ITyrR 
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(B) ±IB&JI*-n$/;i/t RNA^#m©#«TT'±IB^D^>il^^^ 

1 0. ±13 (B) .xf7D^7>f7^ 
r 1/ y It— ^ D V > t R N AT* £ W^©^fflH 8 JS £ fcfctf! 9 >I £ S3 

11. ±13 (A) ^D^VtRNAA«^ fo>>.;HRNAMi 
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12. ±IB (A) P S/fr t R N A-&fifc#3R#x fD^HRN A-£j« 

*03 7(fl[fDS/> (Y) tffilt^fil^ (V) s (L) s 

^VD^>» (I) (A) fc«fc!)MUr*U ^D^HRN 

A*«»*©19 5ttW5> (Q) fc«ar*IWi^ (A) s 3/ 

*5^> ( C ) s -fei;> (S) x Ifel±7^/t7^> (N) -CWft^ilfcftST 
yrRS-C*St*©«H»l 1 Jg£fat&©t&MJ§£o 

14. iJJttU iB^!J#^3 0s IB?'J##3 K atfK?UW3 2frt>teZ 
1 6. @B^J#-^lcDiB^J**t-^DNA^^lRlU:9Mia^J^tbT^n-Wb 
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E. coli 




B. stearothermophilus 



60 



C aAGG.G. 
CA A / 2 5 A 



C u c A 

C-G U c!A 
A-U Ac 
30 G C 40 
AU 
C A 
U ms2|8A 
C u A 



ss 
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tRNAjgfc?- 
EZZZZ2D 

f& 1 PCRJSJfc 

^2^-(i) 

I&2PCRJ5/& 

Ezzzza 



f&3PCRJSi£ 



V////A 



pbsl BstX I-1 

CZZZZZZZD 



BstXI-2 



Bs tXI-2 



2ZZZZZ1 



pbs2 



QZZZZZ2ZZ1 



V 

pbsl BstXI-1 BstXI-2 Pbs2 

Ipcrjk/S 



E'coRI ifmd m 

IZZZZ ZZEZZZZZEIZZZZZ3 ■ 



JgcoRI 



.EcoRI itaraHI 

v//// ;\is;/s/\\/////A a 




■y-^^x^-i u-y^X^-2 
u> y jk y >uy >i ■ y > ji > >i ■ k > ji y TffT^T 



pBR322 
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E. coli 
TyrRS- 
(WT) 



Ras - % 



4 A 



1 2 3 4 5 6 7 8 



34 B 

1 2 3 



EGFR- 



i?. caff 
TyrRS- 
(WT) ^ 



5 A H5B 



1 


2 


1 


2 






+ 


+ 


wt 


mut 


wt 


mut 



Kcoll 
TyrRS— 

(WT) 



Ras — 
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IY V 



A215 
(mAU) 

200- 



100- 



0J 



_J A L. 



L 



25 



30 35 40 



45 50 (#) 



(a) rfls(Am), 



(b) ras(Am), § 



(c)ras(WT), 



(d) ras(WT), 





u, 













40 .45 
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(%) 



5? 



Ji 



IY 



V j 

— H- 



E I D 
i — - 



Di 



i 



SI- 



V! 
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TyrRS 
(V37C195) 



Ras- 



MAS S N L I JCQL 
QG P I ALYC G F 
FQQAGHKPVA 
LNf EETVQEW 
A 1 A AN N Y DW F 
M I NKE AVKQR 
YDF ACLNKQ Y 
LTRRLHQNQV 
GGAVWLDPKK 
FLKFFTFMS I 
YVL AEQVTRL 
SLSAL S E AD F 
QALVDSELQP 
QSDPEYFFKE 
I CWK 



8 



QERGL VAQVT 
D P T AD SLHLG 
L VGGATGL I G 
VDK I RKQVAP 
GNMNVLT FLR 
LNREDQG I S F 
GVVL&I GGS D 
PGLTVPL I TK 
T S PYKFYQFW 
E E I N A L E E E D 
VH GE E G L Q A A 
EQ.LAQDGVPM 
S'RGQARKT I A 
EDRLFGRFTL 



DEEALAERLA 30 
HLVPLLCLKR 60 
DPSFKAAERK 90 
FLDFDCGENS 120 
D I GKHF SVNQ 150 
T E F S YNL L QG 180 
QWGN 1 T S G I D 210 
ADGTKF GKTE 240 
I NTADADVYR 270 
KNSGKAP RAQ 300 
KRITECLFSG 330 
VEMEKGADLM 360 
SNA I T I N GEK 390 
LRRGKKNYCL 420 

424 
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tRNASHE^ 



tet0 2 
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m i o a 



140 




El 1 0 B 

140 1 




WO 2004/039989 



'CT/JP2003/014028 



1/13 

SEQUENCE LISTING 
<110> RIKEN; Japan Science and Technology Agency 

<120> A method of expressing a protein in which an unnatural amino acid 
is incorporated 

<150> JP2002-318846 
<151> 2002-10-31 

<160> 29 

<210> 1 
<211> 167 
<212> DNA 

<213> Artificial Sequence 
<400> 1 

agcgctccgg tttttctgtg ctgaacctca ggggacgccg acacacgtac acgtcggagg 
ggtagcgaag tggctaaacg cggcggactc taaatccgct ccctttgggt tcggcggttc 
gaatccgtcc ccctccagac aagtgcggtt tttttctcca gctcccg 167 

<210> 2 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<400> 2 

ggaattccat atggcaagca gtaacttgat taaacaattg caag 44 
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<210> 3 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<400> 3 

gccgaagctt gtcgactttc cagcaaatca gacagtaatt ctttttaccg 50 

<210> 4 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<400> 4 

aggatcgaag ccgcaagcga gcgcgatcgg gccttgcgcc 40 

<210> 5 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<400> 5 

aggatcgaag ccgcamnnga gcgcgatcgg gccttgcgcc 40 

<210> 6 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
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<400> 6 

acggtgtggt gctgtctatt ggtggttctg acc 33 

<210> 7 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 7 

acggtgtggt gctggcaatt ggtggttctg acc 33 

<210> 8 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 8 

acggtgtggt gctgaacatt ggtggttctg acc 33 

<210> 9 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 9 

acggtgtggt gctgtgcatt ggtggttctg acc 33 



<210> 10 
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<211> 32 
<212> DNA 

<213> Artificial Sequence 



<400> 10 

ttcttcggat ccaaccagac tgcgccgcct tc 32 



<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<400> 11 

gatcatctgg ttaacggaga agtgtttgcc 30 



<210> 12 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<400> 12 

gaccttcctg tgcgatattg gcaaac 26 



<210> 13 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



<400> 13 
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5A3 

trgcnnagyn gg 12 

<210> 14 
<211> 11 
<212> DNA 

<213> Artificial Sequence 
<40Q> 14 

ggttcgantc c 11 

<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 15 

agcgagtgtt aaccctgcct 20 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 16 

cgactacgat attcgcgcag 20 



<210> 17 
<211> 12 
<212> DNA 
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<213> Artificial Sequence 
<400> 17 

ccagcagact gg 12 

<210> 18 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 18 

ccagcttcct gg 12 

<210> 19 
<211> 63 
<212> DNA 

<213> Artificial Sequence 
<400> 19 

atgggaacta gtccatagtg gtggaattct gcagatatcc agcacagtgg cggccgccgc 
gtc 63 

<210> 20 
<211> 11 
<212> DNA 

<213> Artificial Sequence 



<400> 20 

agttcgantc t 11 
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<210> 21 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<400> 21 

cacagaattc tcgggagctg gagaaaaaaa c 31 

<210> 22 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 22 

cacaaagctt agcgctccgg tttttctgtg 30 

<210> 23 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<400> 23 

agcgagtgtt aaccctgcct agcgctccgg tttttctgtg 40 

<210> 24 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
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<400> 24 

acacacccag cagactggcg ggagctggag aaaaaaac 38 

<210> 25 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 25 

acacacccag cagactggag cgctccggtt tttctgtg 38 

<210> 26 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 26 

acacacccag cttcctggcg ggagctggag aaaaaaac 38 

<210> 27 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 27 

acacacccag cttcctggag cgctccggtt tttctgtg 38 



<210> 28 



WO 2004/039989 



'CT/JP2003/014028 



9/13 

<211> 40 
<212> DNA 

<213> Artificial Sequence 
<400> 28 

ctgcgcgaat atcgtagtcg cgggagctgg agaaaaaaac 40 

<210> 29 
<211> 424 
<212> PRT 

<213> Escherichia coli 
<400> 29 

Met Ala Ser Ser Asn Leu He Lys Gin Leu Gin Glu Arg Gly Leu 
15 10 15 

Val Ala Gin Val Thr Asp Glu Glu Ala Leu Ala Glu Arg Leu Ala 
20 25 30 

Gin Gly Pro He Ala Leu Tyr Cys Gly Phe Asp Pro Thr Ala Asp 
35 40 45 

Ser Leu His Leu Gly His Leu Val Pro Leu Leu Cys Leu Lys Arg 
50 55 60 



Phe Gin Gin Ala Gly His Lys Pro Val Ala Leu Val Gly Gly Ala 
65 70 75 
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Thr Gly Leu He Gly Asp Pro Ser Phe Lys Ala Ala Glu Arg Lys 
80 85 90 



Leu Asn Thr Glu Glu Thr Val Gin Glu Trp Val Asp Lys He Arg 
95 100 105 

Lys Gin Val Ala Pro Phe Leu Asp Phe Asp Cys Gly Glu Asn Ser 
110 115 120 

Ala He Ala Ala Asn Asn Tyr Asp Trp Phe Gly Asn Met Asn Val 
125 130 135 

Leu Thr Phe Leu Arg Asp He Gly Lys His Phe Ser Val Asn Gin 
140 145 150 

Met He Asn Lys Glu Ala Val Lys Gin Arg Leu Asn Arg Glu Asp 
155 160 165 

Gin Gly He Ser Phe Thr Glu Phe Ser Tyr Asn Leu Leu Gin Gly 
170 175 180 

Tyr Asp Phe Ala Cys Leu Asn Lys Gin Tyr Gly Val Val Leu Gin 
185 190 195 

lie Gly Gly Ser Asp Gin Trp Gly Asn He Thr Ser Gly He Asp 
200 205 210 



Leu Thr Arg Arg Leu His Gin Asn Gin Val Phe Gly Leu Thr Val 
215 220 225 
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Pro Leu He Thr Lys Ala Asp Gly Thr Lys Phe Gly Lys Thr Glu 
230 235 240 

Gly Gly Ala Val Trp Leu Asp Pro Lys Lys Thr Ser Pro Tyr Lys 
245 250 255 

Phe Tyr Gin Phe Trp He Asn Thr Ala Asp Ala Asp Val Tyr Arg 
260 265 270 

Phe Leu Lys Phe Phe Thr Phe Met Ser He Glu Glu He Asn Ala 
275 280 285 

Leu Glu Glu Glu Asp Lys Asn Ser Gly Lys Ala Pro Arg Ala Gin 
290 295 300 

Tyr Val Leu Ala Glu Gin Val Thr Arg Leu Val His Gly Glu Glu 
305 310 315 

Gly Leu Gin Ala Ala Lys Arg He Thr Glu Cys Leu Phe Ser Gly 
320 325 330 

Ser Leu Ser Ala Leu Ser Glu Ala Asp Phe Glu Gin Leu Ala Gin 
335 340 345 

Asp Gly Val Pro Met Val Glu Met Glu Lys Gly Ala Asp Leu Met 
350 355 360 



Gin Ala Leu Val Asp Ser Glu Leu Gin Pro Ser Arg Gly Gin Ala 
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365 370 375 

Arg Lys Thr He Ala Ser Asn Ala He Thr He Asn Gly Glu Lys 
380 385 390 

Gin Ser Asp Pro Glu Tyr Phe Phe Lys Glu Glu Asp Arg Leu Phe 
395 400 405 

Gly Arg Phe Thr Leu Leu Arg Arg Gly Lys Lys Asn Tyr Cys Leu 
410 415 420 

lie Cys Trp Lys 
424 

<210> 30 

<211> 135 

<212> DNA • 

<213> Artificial Sequence 

<400> 30 

tctccctatc agtgatagag atcggagggg tagcgaagtg gctaaacgcg gcggactcta 
aatccgctcc ctttgggttc ggcggttcga atccgtcccc ctccagacaa gtgcggtttt 
tttctccagc tcccg 135 

<210> 31 
<211> 145 
<212> DNA 

<213> Artificial Sequence 
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<400> 31 

tctccctatc agtgatagag atccgtacac gtcggagggg tagcgaagtg gctaaacgcg 
gcggactcta aatccgctcc ctttgggttc ggcggttcga atccgtcccc ctccagacaa 
gtgcggtttt tttctccagc tcccg 145 

<210> 32 
<211> 155 
<212> DNA 

<213> Artificial Sequence 
<400> 32 

tctccctatc agtgatagag atccgccgac acacgtacac gtcggagggg tagcgaagtg 
gctaaacgcg gcggactcta aatccgctcc ctttgggttc ggcggttcga atccgtcccc 
ctccagacaa gtgcggtttt tttctccagc tcccg 155 
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